The rate and amount of growth of 4 field isolates and reference strain ATCC 6223 of Francisella tularensis were evaluated on isolation media with 2 different agar bases and with different supplements and incubated at 25 C, 35 C, and 42 C. Biochemical reactions on conventional differential media with and without cysteine were evaluated. Two of the field isolates and the reference strain were F. tularensis subspecies tularensis (formerly biovar tularensis or Type A), and 2 isolates were subspecies holarctica (formerly subspecies palaearctica or Type B). Bacto cystine heart blood agar supplemented with 1% hemoglobin, glucose cystine heart blood agar, and brain-heart infusion blood agar supported good growth of all 4 field strains, with the most luxuriant growth occurring on Bacto cystine heart blood agar with hemoglobin. Heart infusion blood agar and trypticase soy blood agar supported growth of the field isolates, although growth was diminished and delayed. Strain 6223 was distinctly fastidious and failed to grow on heart infusion or trypticase soy blood agars. Growth of strain 6223 was best on Bacto cystine heart blood agar with hemoglobin. The agar base did not affect growth unless the supplements became limiting, in which case Bacto agar base generally supported growth better than BiTek agar base. Incubation at 35 C was optimum for all 5 strains. Growth at 42 C was slow, with the greatest decrease in the rate and amount of growth occurring with field isolates of F. tularensis subspecies tularensis. Strain 6223 did not grow at 25 C, and the 4 field isolates grew slowly at the lower temperature. The addition of cysteine did not alter any biochemical reactions with the exception of decreasing the detection time of H 2 S by subpsecies holarctica.
Francisella tularensis, the etiologic agent of tulare-growing on a variety of media to aid in identification mia, is known for its fastidious growth requirements, of the organism. poor staining qualities, and highly infectious nature in the laboratory. This organism supposedly will not grow Materials and methods on conventional isolation media unless cysteine (or cystine) has been added. 1, 3, 4, 8, 10, 11 However, F. tularensis has been isolated on routine blood agar media without cystine. 9, 12 Therefore growth on unsupplemented blood agar does not preclude identification of an isolate as F. tularensis. 12 Because of slow growth and relatively inert biochemical activity, identification is generally based on growth rate and cellular and colonial morphology and is confirmed by serology. This study was undertaken to determine growth characteristics of 5 strains of F. tularensis, including subspecies tularensis and subspecies holarctica, on several types of agar media to ascertain the effects of commonly used agar bases and supplements on the rate of growth, amount of growth, and colonial appearance. Growth at different temperatures and biochemical reactions on conventional differential media with and without cysteine were compared. This information should assist laboratories in determining a suitable isolation medium as well as provide descriptive data on strains of F. tularensis Bacterial strains. Francisella tularensis isolates used in this study are described in Table 1 . Subspecies determination was based on ability to produce acid in glycerol cysteine agar slants. 2, 6 All stock cultures were maintained at -10 C on blood glucose cystine heart agar a (GC) slants with a skim milk overlay. Inocula for comparative growth studies were propagated on Bacto cystine heart agar a (BCHA) supplemented with 1% hemoglobin and 5% bovine citrated blood at 35 C under 95% air-5% CO 2 for 24 hr, harvested in sterile saline (0.85% NaCl), and adjusted to the turbidity of a McFarland No. 2 standard.
Enrichment media. Growth comparisons were conducted on solid agar media containing 5% citrated bovine blood in 100-mm petri dishes. Propagation on BCHA was used for determining the effect of temperature on F. tularensis. Isolates were cultivated at 25 C, 35 C, and 42 C under 95% air-5% CO 2 and observed daily for 10 days. The effect of culture media on the growth and colony morphology of 4 field isolates and ATCC b strain 6223 was evaluated on heart infusion a (HI), trypticase soy a (TS), brain-heart infusion a (BHI), and GC supplements with Bacto agar a and BiTek agar a bases. Each agar plate was inoculated with 0.1 ml of the adjusted bacterial suspension. All isolates were simultaneously cultivated at 35 C under 95% air-5% CO 2 and observed daily for 10 days.
Differential media. Because growth of F. tularensis is stim- ulated by the presence of cystine (or cysteine), 2 sets of biochemicals, 1 set with and 1 set without 1% cysteine, were inoculated with each strain. Media for biochemical testing included nitrate broth, Christensen's urea agar, Simmon's citrate agar, 6.5% NaCl broth, lysine iron agar, motilityindole-orinthine medium, Voges Proskauer broth, tryptone broth (Erlich's method for indole production), gelatin, and lead acetate paper suspended over triple sugar iron agar for H2S production. Carbohydrate utilization of dextrose, maltose, mannose, and sucrose was determined using Bacto phenol red broth base. a All tests were performed by standard techniques. 5 Each broth tube (10 ml) was inoculated with 0.1 ml of the adjusted bacterial suspension. Each solid or semisolid tube of medium was inoculated by needle with a single colony of a 48-hr culture. Inoculated biochemicals were incubated in ambient air at 35 C and observed daily for 7 days with a final reading on day 14. Uninoculated tube media were used as negative controls. The presence of oxidase was determined with 1% tetramethyl-p-phenylenediamine dihydrochloride.
Results

Effect of incubation temperature on growth characteristics (Table 2)
Growth at 25 C. ATCC culture 6223 did not grow. The time of first visible growth of the field isolates was dependent upon subspecies: day 2 for subspecies tularensis and day 3 for subspecies holarctica. Individual colonies were discernible at day 5 for all field isolates. The maximum colony size and the time required to reach maximum size varied among isolates. Cultivation at 25 C consistently produced small colonies (maximum size of 1.0 mm) than cultures incubated at higher temperatures.
Growth at 35 C. All strains grew well. First visible growth of all isolates appeared on day 1; individual colonies were discernible on day 2, and the relative number of colonies was consistent. Subspecies holarctica colonies reached maximum size on day 5. The time required for subspecies tularensis strains to reach maximum colony size varied from 5 to 7 days.
Growth at 42 C. A decrease in growth rate and number of colonies was observed with subspecies tularensis strains, the field isolates were more affected than was strain 6223. Little difference in growth rate and colony numbers was observed with subspecies holarctica at 35 C and 42 C.
Effect of culture medium on growth characteristics (Table 3) First visible growth. Growth was first observed with all strains at 24 hours on BHI, GC, and BCHA, except ATCC strain 6223 cultivated on BHI that appeared on day 3. The agar base did not influence the time for growth to appear on these media. Visible growth appeared on day 4 on TS Bacto agar and from day 7 to day 10 on TS BiTek agar. ATCC strain 6223 did not grow on TS or HI supplements. Growth of subspecies holarctica occurred on day 2 or 3 on HI regardless of agar base. Field strains of subspecies tularensis were visible on days 2 and 3 with HI Bacto agar and day 3 or 4 when BiTek agar was used in the medium.
Detectable individual colonies. On BCHA, individual colonies of all strains were visible on day 2. With BHI and GC supplements, regardless of agar base, individual colonies of all strains were discernible on day 3. Field strains of subspecies tularensis formed visible individual colonies at day 10 on TS supplement, except strain 890402 on TS BiTek agar that formed colonies at day 7. Individual colonies of subspecies holarctica appeared on days 7 and 8 with TS Bacto agar but were delayed for 2 days with TS BiTek agar. All field strains cultivated on HI Bacto agar produced visible colonies on day 5. Subspecies holarctica cultivated on HI BiTek agar produced visible colonies on day 6; field strains of subspecies tularensis required 1-2 days longer.
Maximum size of colonies. ATCC strain 6223 reached maximum size (3.0 mm) on day 5 on BCHA, 3.0 mm in 8 days on GC with Bacto and BiTek agar, and 4.0 mm and 2.5 mm on day 7 on BHI supplement with Bacto agar and BiTek agar, respectively.
On day 6, subspecies tularensis strain 890402 reached 3.0 mm on BCHA, 2.0 mm on BHI Bacto agar, and 1.7 mm on BHI BiTek agar. The time for maximum size was delayed 24 hours on HI and GC supplements with colony sizes as follows: 3.0 mm on GC regardless of base, 1.0 mm on HI Bacto agar, and <0.25 mm on HI BiTek agar.
On day 6, subspecies tularensis strain 880484 was maximum size on 2.0 mm in diameter on GC agar regardless of base. On day 7 maximum colony sizes were as follows: 2.3 mm on BCHA, 2.5 mm on BHI Bacto agar, and 1.7 mm on BHI BiTek agar. Growth was delayed and colony size was smaller on HI supplemented agar, ranging from 0.25 mm to 1.0 mm at 8-10 days.
The 2 field strains of subspecies tularensis were consistently smaller on TS media; strain 880484 reached 0.25 mm on BiTek agar and <0.25 mm on Bacto agar, and strain 890402 reached 0.25 mm on Bacto agar and 0.8 mm on BiTek agar.
The time required for maximal colony size for the 2 strains of subspecies holarctica varied as follows: 5 days on BCHA, 6 days on BHI, 6-10 days on HI, and 7-10 days on TS supplement. The maximum size of strain 3093 was 2.0 mm on BCHA and 2.3 mm and 2.5 mm on GC with Bacto agar and BiTek agar, respectively. On BHI, TS, and HI supplemented media, strain 3093 was consistently smaller on BiTek agar than on Bacto agar. Strain 30092 was 4.0 mm on BCHA, 2.5 mm on GC Bacto agar, 2.3 mm on GC BiTek agar, 2.0 mm on BHI, 0.25 mm on TS, 2.0 mm on HI Bacto agar, and 0.25 mm with HI BiTek agar.
Effect of growth on the agar surface (Table 4)
The visible changes to the agar medium as a result of bacterial growth were grouped into 4 categories: redness, green discoloration, green discoloration and clearing, and no change. After prolonged incubation, the original red coloration of the medium was maintained in the vicinity of bacterial growth, and in areas devoid of growth the medium color was altered to a darker red. The green discoloration observed was a greening of the medium surrounding the bacterial growth. Clearing appeared as a translucent area in the medium surrounding the colonies and was not typical of a hemolytic reaction.
All strains that grew well on BCHA produced a green discoloration of the medium. A combination of greening and clearing occurred on GC medium with all strains regardless of agar base, except strain ATCC 6223, which did not produce clearing on the BiTek based agar. No media changes were visible with the field strains cultivated on TS and HI supplemented media. ATCC 6223 on BHI Bacto agar, 880484 on BHI BiTek agar, and 3093, regardless of agar base, produced no visible changes to the BHI medium.
Biochemical characteristics (Table 5)
All isolates were weakly positive for catalase and negative for cytochrome oxidase, citrate, acetoin, gelatinase, indole production, nitrate reduction, urease, and growth in 6.5% NaCl. None of the strains produced acid in methyl red, dextrose, maltose, mannose, and sucrose. Litmus milk was reduced on day 2 by all field isolates except strain 890402, which produced no reaction. The addition of cysteine did not effect any of the biochemical reactions except production of hydrogen sulfide from triple sugar iron agar. Detection of hydrogen sulfide with subspecies holarctica occurred on day 1 with the cysteine-supplemented TSI and on day 3 in TSI without cysteine.
Discussion
Field strains were capable of growth at 25 C, 35 C, and 42 C on BCHA; however, growth patterns varied between subspecies. Subspecies holarctica was more tolerant of higher temperature (42 C) than was subspecies tularensis. Subspecies tularensis was more tolerant of lower temperature (25 C) than was subspecies holarctica. At 42 C, the relative colony number of sub- Table 3 . Effect of isolation media and agar bases on colony growth of Francisella tularensis strains incubated at 35 C. species tularensis significantly decreased, and the time required for visible growth and individual colonies to appear was delayed. Incubation at 25 C delayed the time required for visible growth and decreased the maximum colony size of subspecies holarctica.
The inability of F. tularensis to be cultured on routine isolation media that lacks cystine (or cysteine) has been described. 1, 3, 4, 10, 11 The results of this study suggest that incorporation of cystine in solid media is not required for growth but does enhance the growth of field isolates. The time required for visible growth and individual colonies to appear was the same on BHI as on media containing cystine. Although growth was delayed, all field strains grew on TS and HI supplements without cystine. The only strain that did not grow on every type of Table 4 . Effect of Francisella tularensis growth on the agar media. medium or at 25 C was the ATCC strain 6223, which holarctica. No changes were observed in any of the is the reference strain for F. tularensis subsp. tularensis. carbohydrate media, making carbohydrate utilization Overall, it was the most fastidious of the 5 strains of conventional biochemical media an ineffective studied. This particular strain is known to be avirulent method of identification for these organisms. Cystine and more fastidious in its growth requirements than carbohydrate agar slants are necessary to demonstrate virulent strains. 4 Because strain 6223 is not totally acid production with F. tularensis. 2 characteristic of F. tularensis subsp. tularensis, a different type strain has been proposed. 7 This study demonstrated that field strains of F. tularensis subsp. tularensis and F. tularensis subsp. holarctica can grow on routine isolation media. The culture time required for visible growth and appearance of individual colonies was the same on BHI blood agar as on special media containing cystine. Although growth was delayed on HI and TS supplemented blood agar, all 4 field strains did grow on these media.
The type of agar base, Bacto or BiTek, incorporated into BHI, HI, TS, and GC supplements did influence the rate of growth as well as colonial size. Regardless of subspecies, Bacto agar generally increased the growth rate and colony size.
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